An online instructional database containing information on commonly used pieces of laboratory equipment was created. In order to make the database highly accessible and to promote its use, QR codes were trialled. The instructional materials were available anytime and accessed using QR codes located on the equipment itself and within undergraduate student practical handouts. The database and access mechanism was evaluated during multiple undergraduate practical sessions and the students were able to provide feedback through completion of a questionnaire. The majority of the participating students reported that the QR instructor was easy or very easy to use (89%) and made using the laboratory equipment easier or much easier (70%). Just under two-thirds (63%) of the students felt that having used the QR instructor they were more confident in using the equipment than before and threequarters (75%) of students stated that they felt better or much better equipped to use similar equipment in their future employment. Overall, 90% of those students who responded to the questionnaire said that they would recommend the use of the online instructional database. The proposed system therefore has been shown to enable easy access for students to online instructional information as well as enhancing the learning experience with increased student confidence. Graphical Abstract
Pearson Student Mobile Device Survey 2014 showed that 84% of college students own a smartphone, with 56% using them at least twice a week for school work 1 .
Educators have started to embrace the use of such technology to enhance students' learning through mobile devices 2 , particularly in the field of mobile assisted language learning 3 and more recently in the scientific and engineering disciplines. Williams and Pence 4 stated there are 3 main uses for smart phones in education: web browsing to access educational materials; specialist applications; and 'smart objects'. Smart objects are created by using a physical reference, such as a 2D barcodes or quick response (QR) code, to connect a mobile device to information. The process creates a hyperlink for the physical object which can be scanned to allow direct access to digital content -a type of markered augmented reality (AR). AR is where a composite image is created by using technology to superimpose a computer-generated image onto the user's view of the real world. QR codes can be easily generated using many online, freely available QR code generators and then placed alongside educational materials.
At the University of Huddersfield, for example, the library has used QR codes to provide links to electronic resources, instructional information and contact details 5 . For example, QR codes were placed next to the physical copy of a book in the library but provided instant access to the electronic book (e-book) version to increase student awareness of the e-book facilities available. Furthermore, QR codes for instructional videos were placed both on equipment, such as print credit machines, and in physical handouts to allow students to access the information at a variety of locations. QR codes have also been used to allow students to take part in formative class evaluations and provide rapid feedback to teaching staff on aspects covered during the session More specifically, QR codes have been used in the field of chemistry education from primary school to undergraduate level. Bonifácio 7 has used QR codes to make information on Nobel laureate prize winners and the periodic table of the elements more accessible to students of all ages. The latter involved the use of videos enhanced with audio description to make the subject matter more accessible to blink and visually impaired students. Students have also been given the opportunity to create their own photo blogs on how to use certain pieces of laboratory equipment, accessed by QR codes, that could be used by their colleagues The work presented here demonstrates the use of QR codes to provide instantaneous access to an online database which provides a range of demonstrations for the use of specialist scientific equipment. In practical laboratory classes students can feel uncomfortable with highly technical aspects due to inexperience, extended time since previously used or simply a lack of confidence 10 . This can lead to poor results in laboratory assessments, misuse or damage to equipment and further decrease in confidence. Development of the necessary laboratory skills is not only beneficial as part of the undergraduate courses but vital for professional skills development for those students who plan to pursue a career in the practical sciences or engineering professions. The online instructional database "involves more than detailed knowledge of a skill, it involves the self-awareness, selfmotivation, and behavioural skill to implement that knowledge appropriately."
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The main research aims of this work were i) To evaluate if the use of an online instructional database could alter the way the students see using laboratory equipment (e.g. level of difficulty encountered, confidence using equipment) and ii)
To determine how user-friendly the developed system was.
METHODOLOGY Development of Instructional Database
Instructional materials. Commonly used pieces of multi-disciplinary laboratory equipment were selected for inclusion in the study, including balances, centrifuges, gel documentation systems, hotblocks, micropipettes, ovens, vortexes and waterbaths. Videos were produced for each piece of equipment detailing both general and specific health and safety precautions, as well as detailed step-by-step instructions for correct usage. The videos were all produced within the laboratory where the students would be using the equipment and the techniques were performed by technical staff who work within those laboratories to create a familiar environment. All materials contained visual information alongside audio commentary and sub-titles in order to promote inclusive practice and also enable note-taking.
QR codes. All digital media generated was uploaded onto a secure server. In order to facilitate easy, anytime access to the instructional materials, QR codes were produced using a QR code generator. These codes were placed on or near the equipment, as well as in student handbooks provided during each laboratory session.
Electronic copies of the handbooks were also available through the Moodle virtual learning environment (VLE), enabling access both prior to the session and at any time afterwards providing the students with 24/7 access to the materials. The QR codes can be scanned at any time by a mobile or tablet device with any generic, free to Table 1) .
Use of Instructional Database
The instructional database was used by 57% of those students who attended the practical laboratory sessions where the QR instructor was being trialled. For those students who did not use the QR instructor, the most common reason cited was that they were already familiar with the use of the equipment (19%). Other reasons given
were not wanting to download a QR scanner app onto a personal phone (8%), lack of awareness of the evaluation taking place (5%), poor internet connection in the laboratory (2%), not enough time (2%) or did not have a phone with them (2%). technical staff were present throughout the practical sessions to offer support and guidance and that the QR instructor was not used as the primary means of learning but to enhance the student experience. While some students feel more comfortable asking a member of staff for advice, as seen in the above quotation, there are others, who, for reasons such as anxiety, may not. Therefore by offering a range of learning methods within the laboratory sessions the intention is to support all students to engage with at least one form that is effective for them personally.
For those students who did engage, there was a spread in the pieces of equipment that were used (Figure 1 ). More use of the online database was observed for those pieces of equipment that had not been previously used by the students (i.e. hotblock) or those which were required multiple times throughout the practical sessions (e.g. centrifuge, p200 and p10 micropipettes). 
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Use of Instructional Database
Students were asked to rate certain aspects of the QR instructor on a Likertscale; the overall results can be seen in Figure 2 . The majority of the students (89%) said the QR instructor was very easy or easy to use. This points to the use of QR codes as an effective way to facilitate student access to instructional information in an easily accessible format. Overall, 70% of students said that the QR instructor made using the laboratory equipment easier or much easier, thereby demonstrating that there is a perceived benefit by the students from using the online instructional database. One student said "It's really good and makes lab work easier." Just under two-thirds of the students (63%) felt that having used the QR instructor they were more confident in using the equipment than before. Additionally, three-quarters of students stated that they felt better or much better equipped to use similar equipment in future employment. This increase in student confidence in demonstrable skills offers advantages for the students in terms of future employment opportunities.
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Statistical analysis was used to look for any trends between the demographics of the students and the questionnaire results. There was no significant effect of gender, age or prior knowledge of QR codes, on any of the quantifiable questionnaire outputs (Mann-Whitney U test and Wilcoxon test, p>0.05). The lack of any correlation on the prior use of QR codes is advantageous as it shows that those who do not have any prior experience are as likely to be able to use and appreciate the system as those who are already familiar with them. The percentage of students who were already familiar with QR codes was considerably higher than in a 2008 report by Ramsden (2008) , where only 12.5% of students knew about QR codes. This Future work will also look at using alternative delivery methods to try and increase accessibility through the use of augmented reality software (Aurasma) which uses more visual cues and can link more types of media together.
Overall, the QR instructor received positive feedback and becomes one more tool in the students' toolkit that helps in creating a more inclusive learning curriculum. More students than before are now aware of QR codes, 81 % in this study compared to 21% in a previous study the task, e.g. do they feel they need additional support and guidance on using the equipment, if so they can make use of the instructional materials prior to the session by using the QR codes within the practical handouts provides on the VLE. Secondly, while performing the experiment, students can choose to access the instructional materials during the session using the QR codes located on the laboratory equipment. Thirdly, self-reflection; the students can access the instructional materials at a later date after completion of the practical class if they feel the need to do so.
Completing the questionnaire also allowed the students to reflect on whether or not they felt more confident with the equipment and in a better position to use similar equipment in the future. Having 24/7 access to the QR instructor would also see the system well placed to assist those students on distance learning courses, such as the By providing on-line resources which can be accessed at any time, learners can access the information in a timely fashion that suits their individual needs.
Future work aims to broaden the use of the QR instructor to cover a wider range of disciplines and evaluate the system using a wider student cohort. In order to achieve this goal, and to take into account feedback from the students surveyed, instructional materials will be made for additional piece of equipment. This Further evaluation of the proposed system will be undertaken, in particular paying particular attention to course performance of those students who have participated and if there any links to improved employability statistics in future years once students graduate.
Associated content Supporting Information ESI1 contains the questionnaire provided to students for evaluation of the instructional database, ESI2 contains complete statistical tables from analysis.
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